Hg1201 single crystals were grown by a two-step flux method [1] and subsequently annealed for several weeks at 400 o C at air pressure of 100 Torr [2] , and then quenched to the room temperature. The width of the superconducting transition, as determined from magnetic susceptibility, was typically 2-3 K with a mid point at T c = 71 K. According to the T c vs. p relationship [3] , this corresponds to a hole concentration of p ≈ 0.09. The samples were then cleaved to obtain fresh and clean ac-surfaces onto which gold pads were evaporated. Wires (20 µm diameter) were attached with silver paste, subsequently cured for several minutes under the same conditions as the prior long-term anneal, and then quenched to room temperature. The samples were then mounted on a home-made sample-holder and introduced into a standard 4 He cryostat that enables measurements at fixed temperatures between 1.5 K and 300 K. Resistivity measurements were performed in a conventional four-points configuration, with a current excitation of 20 mA at a frequency of ~ 60 kHz. A high speed acquisition system was used to digitize the reference signal (current) and the voltage drop across the sample at a frequency of 500 kHz. The data were analyzed with software that performs the phase comparison. Data for the rise and fall of the field pulse were in good agreement, thus we can safely exclude any heating due to Eddy currents.
Glidcop Al-15 insulated with Kapton and reinforced with Toyobo Zylon fibres. In the middle of the winding, there is a cooling channel for liquid nitrogen flow. This coil weights more than 250 kg. The inner magnet produces 50 T in a 13 mm bore and is energized with a mobile 1.15 MJ capacitor bank. The conductor consists of a 6 mm² copper/stainless steel macrocomposite, fabricated in the laboratory, and is also insulated with Kapton and reinforced with Zylon. With this dual coil magnet, the wait time between 80 T pulses is 90 minutes. 
C -Reproducibility
Quantum oscillations were observed in a second sample with similar doping level, but with somewhat lesser resolution. As shown in Fig. S2 , the magnetoresistance of this sample is about four times smaller than that of the sample discussed in the main text. The inset of Fig. S2 shows that the field derivatives of the magnetoresistance exhibit very similar quantum oscillation frequencies for both samples.
Figure S2 | Quantum oscillations in a second sample.
Comparison of the field dependence of the resistance for the two samples that were investigated. The resistive signal of sample #1 discussed in the main manuscript (red line) has been divided by a factor of four. The inset displays the field derivative of the resistance for both samples. 
D -Determination of physical properties

